The paradoxical effects of lead in interferon-gamma knockout BALB/c mice.
It has been reported that lead (Pb) exposure enhances interleukin (IL)-4 and inhibits interferon-gamma (IFNgamma) production in wild-type (WT) BALB/c mice. Here, we examined Pb effects on immunity in IFNgamma knockout (KO) mice. Lead significantly enhanced serum IgG1 anti-keyhole limpet hemocyanin (KLH) levels in WT mice compared to the controls; Pb also increased serum IgG2a anti-KLH levels, but the IgG1:IgG2a ratio was greater with Pb. In addition, total serum IgE levels, but not IgE anti-KLH levels, were increased. In the KO mice, the serum IgG1, IgG2a, IgE anti-KLH, and total IgE levels were significantly lower than those of WT mice. Surprisingly, Pb significantly enhanced IgG1 and IgG2a anti-KLH levels in the KO mice. However, for these mice, unlike the WT mice, Pb caused a greater percentage change in IgG2a than in IgG1 anti-KLH, indicating less skewing toward type-2 immunoglobulins. Lead also enhanced the delayed-type hypersensitivity (DTH) response in WT mice. Not surprisingly, very low DTH occurred in the KO mice; however, Pb induced a strong KLH-specific DTH response. The in vivo Pb exposure significantly increased in vitro production of IL-4, IL-5, and IL-10, but not IFNgamma, IL-2 and IL-12, by KLH-induced WT and KO spleen cells. In contrast to KLH, dinitrofluorobenzene contact hypersensitivity (DNFB CHS) was detected in all groups, and Pb did not affect this response, which suggests that Pb has only a slight effect on CD8+ T cell-related responses. As previously reported, Pb enhances Th2 responses in WT mice; however, in the KO mice, Pb enhanced Th1-related anti-KLH production and a Th2-related DTH. The Pb enhancement of DTH in IFNgamma-deficient mice is likely due to promotion of type-2 cytokines and enhancement of major histocompatibility complex (MHC) class II expression.